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PROBLEM TO BE SOLVED: To provide a displacement detection apparatus in which one coil is used as 
a coil to detect a displacement, which can be miniaturized and in which a measured result is affected 
little by ambient temperature. 

SOLUTION: A coil 1 which is wound to have a definite length and an outer tube 10 whose length is 
nearly equal to or longer than the length of the coil 1 and which is composed of a nonmagnetic and 
comparatively good electric conductor are arranged and installed so as to be movable in the axial-line 
direction of the coil 1. An AC current which has been biased by a DC current is supllied to the coil 1. A 
signal as an AC voltage which is changed proportionally to the relative displacement to the coil 1 of the 
outer tube 10 and which excludes a DC bias portion across terminals of the coll 1 or a signal which has 
converted the AC voltage into a DC voltage or a DC current is used as an output. 
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[aaim(s)] 

[Claim 1] The outer case which consists of an electric good conductor comparatively by the coil 
wound around fixed die length, said coil, and nonmagnetic [ which have an EQC or the die 
length beyond it mostly ] is arranged in the direction of an axis of said coil movable. The 
alternating-voltage signal except a part for the direct-current deflection between the terminals of 
said coil which supplies the alternating current deflected by said coil by the direct current, and 
changes to the relative displacement over said coil of said outer case-like proportionally, Or 
displacement detection equipment characterized by considering as an output the signal which 
exchanged said alternating voltage for direct current voltage or a direct current. 
[Claim 2] Displacement detection equipment which 2 sets of resistance circuits are connected to 
a serial between the terminals of said coil, and one [ at least ] resistance of said resistance circuit 
is proportionally changed to the direct current voltage generated among said end-winding 
children-like in displacement detection equipment according to claim 1, and is characterized by 
to acquire an output signal based on the electrical-potential-difference change except a part for 
the direct-current deflection obtained by the junction of said resistance circuit. 
[Claim 3] Displacement detection equipment which a potentiometer is connected between the 
terminals of said coil, and the division ratio of said potentiometer is changed in displacement 
detection equipment according to claim 1 according to the direct current voltage generated 
among said end-winding children, and is characterized by acquiring an output signal based on 
the electrical-potential-difference change except a part for the direct-current deflection of the 
wiper electrical potential difference of said potentiometer. 

[Claim 4] Displacement detection equipment which is changed according to the direct ciurent 
voltage which generates the amplitude of the alternating current except a part for the 
direct-current deflection supplied to said coil among said end-winding children in displacement 
detection equipment according to claim 1, and is characterized by acquiring an output signal 
based on the electrical-potential-difference change except a part for the direct-current deflection 
between said end-winding children. 

[Claim 5] In displacement detection equipment according to claim 1, a mulberry DORACHUA 
oscillator is used as a source of excitation of the alternating current except a part for the 
direct-current deflection supplied to said coil. Displacement detection equipment which is 
changed according to the direct current voltage which generates the electrical potential 
difference supplied to the circuit which consists of the resistance and diode which restrict the 
amplitude of the output of this oscillator among said end-winding children, and is characterized 
by acquiring an output signal based on the electrical-potential-difference change except a part 
for the direct-current deflection between said end-winding children. 

[Claim 6] In displacement detection equipment according to claim 1, a mulberry DORACHUA 



oscillator is used as a source of excitation of the alternating current except a part for the 
direct-current deflection supplied to said coil. While changing the electrical potential difference 
supplied to the circuit which consists of the resistance and diode which restrict the amplitude of 
the output of this oscillator based on the difference of the direct current voltage and reference 
voltage proportional to the amplitude or actual value of an ac output of said mulberry 
DORACHUA oscillator Displacement detection equipment which is changed also with the 
direct ciu-rent voltage generated among said end-winding children, and is characterized by 
acquiring an output signal based on the electrical-potential-difference change except a part for 
the direct-current deflection between said end-winding children. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the industrial machinery of this invention is mechanical - level change 
of a variation rate or a liquid is depended on a float etc. — mechanical — the variation rate which 
changes into a variation rate and outputs the change as an electrical signal — it is related with 
detection equipment. 
[0002] 

[Description of the Prior Art] Various methods are proposed from the former as equipment 
which detects a variation rate. A differential transformer or a potentiometer can be mentioned as 
most classic thing. Although a differential transformer can detect a variation rate by no 
contacting fundamentally, while there is a fault to which the displacement detection direction 
die length of detection equipment becomes large to an effective displacement detection 
measuring range, there is a fault which the moving part (core of a differential transformer) of 
detection equipment tends to damage by mechanical oscillation and the impact on the principle 
structure, although the potentiometer is used for many machineries since it is cheap — theoretic 
~ a contact process — a variation rate — it is detection equipment and there is a problem that a 
limitation is in a life. 

[0003] As an example which improved the above-mentioned conventional method (especially 
differential transformer), JP,63-273001,A, JP,63-273002,A, JP,2-116712,A, JP,2-201114,A, 
JP,3-46512,A, etc. can be mentioned, maintaining the description which did not contact. The 
core with which each of these examples is prepared in the core of a coil is fixed, a metal outer 
case is arranged in the direction of an axis of a coil at the periphery section of this coil so that it 
may be movable, and the relative displacement over the coil of a metal outer case is changed 
into an electrical signal. 

[0004] This example of amelioration can embody the displacement detection equipment which 
has strong structure mechanically as indicated by the above-mentioned open patent ofGcial 
report. 



[0005] However, in displacement detection equipment, what has a few change of an output 
signal is required from the temperature change of the strength of the mechanical structure, its 
engine performance, especially a perimeter. 

[0006] In JP,63-273001,A, in order to improve the temperature characteristic, two of Coils A 
and B are prepared in shaft orientations. Since a coil becomes two pieces for it to be this method, 
the shaft-orientations die length of equipment becomes large. In order to improve this fault, the 
method which installs two coils is proposed in JP,63-273002,A. 

[0007] In JP,2-116712,A, one side of two coils is installed in somewhere else, and the 
miniaturization of displacement detection equipment is in drawing. JP,2-2011I4,A and 
JP,3-46512,Aalso propose a miniaturization in the same idea. 

[0008] Anyway, two coils tend to be connected to a differential mold and it is going to improve 
the temperature characteristic of displacement detection equipment. However, only the very big 
temperature characteristic in practice in degree C and 300-900 ppm /is acquired also by this 
method. Even if it makes it a differential mold using two coils, since this reason has the 
inductance from which two coils differ, corresponding to a variation rate with a natural thing, it 
is because perfect temperature compensation is not made. 
[0009] 

[Objects of the Invention] Then, this invention drives a coil by the alternating current by which 
bias was carried out by the dc component, and proposes the displacement detection equipment 
in which direct-current-voltage change produced by this dc component applied changing-like 
proportionally, and the temperature-compensation property was excellent with ambient 
temperature while it makes the coil for detecting a variation rate one piece and attains the 
miniaturization of equipment. 
[0010] 

[Means for Solving the Problem] This invention arranges the outer case which consists of an 
electric good conductor comparatively by the coil wound around fixed die length, said coil, and 
nonmagnetic [ which have an EQC or the die length beyond it mostly ] movable in the direction 
of an axis of said coil. The alternating-voltage signal except a part for the direct-current 
deflection between the terminals of said coil which supplies the alternating current deflected by 
said coil by the direct current, and changes to the relative displacement over said coil of said 
outer case-like proportionally, Or said technical problem was solved with the displacement 
detection equipment characterized by considering as an output the signal which exchanged said 
alternating voltage for direct current voltage or a direct current. 

[0011] In addition, as a suitable embodiment of this invention, 2 sets of resistance circuits are 
connected to a serial between the terminals of coil. It is made to change to the direct current 
voltage which generates one [ at least ] resistance of this resistance circuit among end-winding 



children-like proportionally. The displacement detection equipment which acquires an output 
signal based on the electrical-potential-difference change except a part for the direct-current 
deflection obtained by the junction of this resistance circuit, ** Connect a potentiometer 
between the terminals of a coil and change the division ratio of this potentiometer according to 
the direct current voltage generated among end-winding children. The displacement detection 
equipment which acquires an output signal based on the electrical-potential-difference change 
except a part for the direct-current deflection of the wiper electrical potential difference of this 
potentiometer, ** Make it change according to the direct current voltage which generates the 
amplitude of the alternating current except a part for the direct-current deflection supplied to a 
coil among end-winding children. The displacement detection equipment which acquires an 
output signal based on the electrical-potential-difference change except a part for the 
direct-current deflection between this end-winding child, ** Use a mulberry DORACHUA 
oscillator as a source of excitation of the alternating current except a part for the direct-current 
deflection supplied to a coil. It is made to change according to the direct current voltage which 
generates the electrical potential difference supplied to the circuit which consists of the 
resistance and diode which restrict the amplitude of the output of this oscillator among 
end-winding children. The displacement detection equipment which acquires an output signal 
based on the electrical-potential-difference change except a part for the direct-current deflection 
between this end-winding child. And a mulberry DORACHUA oscillator is used as a source of 
excitation of the alternating current except a part for the direct-current deflection supplied to ** 
coil. While changing the electrical potential difference supplied to the circuit which consists of 
the resistance and diode which restrict the amplitude of the output of this oscillator based on the 
difference of the direct current voltage and reference voltage proportional to the amplitude or 
actual value of an ac output of this mulberry DORACHUA oscillator It is made to change also 
with the direct current voltage generated among end-winding children, and there is displacement 
detection equipment which acquires an output signal based on the electrical-potential-difference 
change except a part for the direct-current deflection between this end-winding child. 
[0012] 

[Function] There is one coil driven with an AC signal in this invention. The alternating- voltage 
signal except a part for the direct-current deflection between the terminals of said coil which 
supplies the alternating current deflected by said coil by the direct current, and changes to the 
relative displacement over said coil of said outer case-like proportionally, Or since it can take 
out as a signal which exchanged said alternating voltage for direct current voltage or a direct 
current, while the miniaturization of this seed displacement detection equipment is realizable, it 
becomes possible to aim at improvement in a temperature-compensation property. 
[0013] 



[Example] Drawing 1 shows an example of the displacement detection equipment of the 
example of this invention. The coil 1 is wound around the bobbin 2 in drawing 1 . In this 
example, although the coil 1 is wound around two-layer, the number of them one, and the 
multilayer volume exceeding two-layer is sufficient as it. A coil 1 is what was prepared in 
displacement detection shaft orientations only one piece, and is connected to the electrical 
circuit where the leaders 3 and 4 of this coil are shown in drawing 2 , drawing 7 , drawing 8 , 
and drawing 9 . A metallic pipe 5 consists of a metallic pipe of an electric bad conductor, for 
example, austenite stainless steel SUS304 grade, comparatively by nonmagnetic, and the ends 
of this metallic pipe 5 have sealing structure closed with the head plug 6 and the head plug 7. 
Although it is closing by welding in this example as signs 8 and 9 show, the means of 
attachment which gave seal nature with the O ring etc. may be used. It says from the principle 
of operation of this invention, and the same construction material as a metallic pipe 5 of the 
head plug 6 and the head plug 7 is also desirable. Moreover, when seldom requiring a 
mechanical strength, 5, 6, and 7 may consist of construction material of a plastic or the ceramics. 
[0014] An outer case 10 is comparatively manufactured by nonmagnetic from an electric good 
conductor, for example, copper, a copper alloy, aluminum, or an aluminum alloy. The relative 
displacement of this outer case 10 is carried out to a coil 1 in the direction of an axis of a coil 1, 
and the inductance of a coil 1 changes [ an outer case 10 ] the role of a kind of short coil 
according to the variation rate of nothing and an outer case 10 to a coil 1. Although a core 11 is 
inserted in the core of a bobbin 2 and its construction material with sufficient permeability, for 
example, a permalloy etc., is desirable, a core 11 may not be indispensable and a cavity is 
sufficient as the core of a bobbin 2. However, in the case of a cavity, it must be ready for the rate 
of change (sensibility) over the variation rate of the outer case 10 of the inductance of a coil 1 
becoming small. 

[0015] In addition, the sign 12 of drawing 1 is the thread part prepared in the head plug 7, and it 
enables it to thrust it into a device, as shown in application drawing 10 mentioned later. 
[0016] Next, drawing 2 shows the electrical circuit and signal detector which drive the coil 1 
which is the main part of the displacement pickup of this invention. The circuit of drawing 2 
consists of the source 13 of excitation, an adder 14, the voltage-current converter 15, a low-pass 
filter 16, a high-pass filter 17, a resistance element 18, and a resistance element 19. One side of 
the leaders 3 and 4 of a coil 1 is connected to the output of the voltage-current converter 15, and 
other leaders are connected to the gland of the circuit of drawing 2 . 

[0017] the AC signal which sways focusing on Ov as shows the source 13 of excitation in the 
left figure of drawing 3 — a sine wave-like AC signal is outputted desirably. An adder 14 
consists of an operational amplifier 20 and resistance 21, 22, and 23, and the output of this 
adder 14 serves as an AC signal with which only Vb as shown in the right figure of drawing 3 



was deflected firom Ov. The output of this adder 14 will be impressed to the voltage-current 
converter 15 of the next step, and the current proportional to this impressed electrical potential 
difference will flow in a coil 1. That is, the alternating current deflected from the current value 0 
as shown in the right figure of drawing 3 will flow in a coil 1. However, the right figure of 
drawing 3 shows the output of an adder 14, 

[0018] In addition, the voltage-current converter 15 showed one of an operational amplifier 24 
and the typical conventional examples which consist of resistance 25, 26, 27, 28, and 29. As 
long as it is the circuit which can supply the current proportional to the output voltage of an 
adder 14 to a coil 1, what kind of thing may be used. Since the inductance of a coil 1 changes to 
the relative displacement over the coil 1 of an outer case 10-like proportionally as already stated, 
between two leaders 3 and 4 of this coil 1, the alternating-voltage signal which changes to the 
relative displacement over the coil 1 of an outer case 10-like proportionally will be acquired. 
The alternating voltage which described the inductance of a coil 1 above since the outer case 10 
became large proportionally by drawing 2 moving rightward (direction where X becomes large) 
also becomes large-like proportionally. 

[0019] The partial pressure of the electrical potential difference between two leaders 3 and 4 of 
a coil 1 is carried out by the resistance element 18 and the resistance element 19, and this 
electrical potential difference by which the partial pressure was carried out is told to a high-pass 
filter 17. A high pass filter 17 is a typical circuit which consists of an operational amplifier 35, 
resistance 36, 37, and 38, and a capacitor 39. Direct-current deflection if the value of resistance 
38 and a capacitor 39 is chosen suitably, as shown in the right figure of drawing 3 - Only the AC 
signal which sways focusing on Ov firom which Vb was removed can be acquired as an output 
Va of a high-pass filter 17. If this Va has a fixed ambient temperature as already stated, it is 
proportional to the relative displacement over the coil 1 of an outer case 10. 
[0020] Moreover, it is a direct-current deflection if the value of resistance 33 and a capacitor 34 
is chosen suitably, as been the typical circuit where the electrical potential difference between 
two leaders 3 and 4 of a coil 1 is also told to a low-pass filter 16, and this low-pass filter 16 
consists of an operational amplifier 30, resistance 31, 32, and 33, and a capacitor 34, and shown 
in the right figure of drawing 3 . - The direct current voltage Vd equivalent to Vb can be 
obtained. 

[0021] Now, it is proportional to the direct-current-resistance value of a coil 1, and this 
direct-current-resistance value is proportional to the ambient temperature T of a coil 1, and that 
of the above-mentioned direct current voltage Vd is umelated to the inductance of a coil 1. That 
is, Vd can be expressed with the following formula if alpha and beta are made into a constant. 
Vd=alpha-T+beta The inductance of a coil 1 not only changes according to the variation rate of 
an outer case 10, but it changes it by change of the ambient temperature of a coil 1 so that 



clearly also from the experimental result of which — ** after-mentioned is done. The central 
description of this invention is in the place which proposes the displacement detection 
equipment which applied the relation shown by ** formula and was excellent in the temperature 
characteristic. 
[0022] 

[Example(s) of Experiment] In order to prove the effectiveness of this invention, the 
displacement detection equipment shown by drawing 1 was made as an experiment. The wire 
size of a coil 1 was 0.2=, 150= and the outer diameter of a bobbin 2, i.e., the bore of a coil 1, 
made shaft-orientations die length 4=, and two-layer winding was carried out. The effective 
successive range of an outer case 10 was made into 130= less than 10= from the ends of 
shaft-orientations die-length 150= of a coil 1. 

[0023] Drawing 4 , drawing 5 , and drawing 6 show an example of an experimental result, 
drawing 4 shows X=0= and, as for drawing 5 , X=65= and drawing 6 show the case of X=130=. 
The axis of abscissa in drawing is ambient temperature, and an axis of ordinate shows the 
electrical potential difference of the output Va of a high-pass filter 17. In the experiment, the 
resistance element 19 was set to fixed-resistance 20Kohm, and the resistance element 18 was 
changed from Oohm every lOOohms. That is, the experimental result described as 0 ohm in 
drawing 4 - drawing 5 shows the case where there is no partial pressure effectiveness by 
resistance elements 18 and 19. 

[0024] It turns out the magnitude of the inductance of a coil 1, and that in other words rate of 
change [ as opposed to the ambient temperature of an output signal by the difference in the 
location of an outer case 10 ] differs greatly so that clearly from these experimental results. For 
example, when a resistance element 18 is Oohm and the temperature characteristic is calculated 
by considering effective-measuring-range 130= of displacement detection equipment as a full 
stroke (FS), it is at the time of X=0=. At the time of 485 ppmFS/degree-CX=65= At the time of 
1004 ppmFS/degree-CX=130= It was 1524 ppmFS/degree C. (Notes: Change of Va when an 
outer case 10 does 130= displacement of under certain conditions the ambient temperature of 20 
degrees C was 3783mvAC(s).) Rate of change per [ to these 3783mvAC(s) ] degree C It is each 
above-mentioned numeric value which was expressed with ppm. 

[0025] Thus, it is the reason which cannot finish carrying out temperature compensation 
thoroughly even if that the temperature characteristic changes with variation rates makes it the 
differential method which used two coils by the advanced technology mentioned above. 
[0026] Now, it turned out that data can be approximated by the linear equation shown below 
from the experimental result of drawing 4 - drawing 5 . 

At the time of X=0= Va=1.833 and T+Dl- (7/100), Rx - At the time of *♦ X=65= Va=3.800 and 
T+D2- (15/100), Rx At the time of ** X=130= Va=5.8767 and T+D3- (23/100), Rx 



however Va: Output T of a high-pass filter 17 : Ambient temperature Rx: Value of the output 
signal Va at the time of the resistance Dl and D2 of a resistance element 18 and D3:T=0, and 
Rx=0 [0027] Here, supposing Rx may change the resistance to linearity to ambient temperature, 
it is Rx=kappa IT. + kappa 2 ~ If it becomes a constant and this is substituted for equation ** at 
the time of X=65=, **, however kappal and kappa2 will be Va=[3.800- (15/100) and kappa 1] 
and T+D2-15kappa2/100. ~ It becomes ** . 

[0028] ** If the multiplier of ambient temperature T is 0 in a formula, the output signal Va of a 
high-pass filter 17 at least will not be influenced at all by ambient temperature at the time of 
X=65=. Then, when the value of kappa 1 in this case is calculated, it is 3.800-15/100 and 
kappal=0kappal=25.333. — When kappa 1 obtained by **** formula is substituted for equation 
** and ** of a case of X=0= and X=130=, the multiplier of each T is at the time of X=0=. At the 
time of 0.06X=130= It is set to -0.06. Since the maximum variates of the output voltage Va in 
the effective successive range (under an ambient-temperature [ of 20 degrees C ] fixed 
condition) of the outer case 10 in this prototype were 3783mvAC(s), if this is considered as a 
full stroke and the temperature characteristic is calculated At the time of X=0= 0.06 / 3783= 
15.8 ppmFS/degree C At the time of X=130= It turned out that it becomes -0.06 / 3783= 15.8 
ppmFS/degree C, and the temperature characteristic which was dramatically excellent in the 
effective successive range whole region of displacement detection equipment can be acquired. 
[0029] As already stated, it was shown that the output Vd of a low-pass filter 16 is proportional 
to the surrounding temperature T by ** formula. Therefore, if the resistance of a resistance 
element 18 can be proportionally changed-like to Vd, the effectiveness by this invention can be 
acquired. Although a detail is not illustrated in drawing 2 , the effectiveness described above 
when the resistance element 18 was used as the FET transistor and the gate voltage was 
controlled by the output Vd of a low-pass filter 16 for example, will be acquired. 
[0030] Drawing 7 shows a more concrete example of the example of this invention. In addition, 
the same number was attached to what has the same function as the component part of the 
circuit shown by drawing 2 . 

[0031] It is the example which replaced with the resistance element 18 and resistance element 
19 in drawing 2 , and used the digital potentiometer 42 (semiconductor integrated circuit ADby 
Analog Devices, Inc. 8402 grade can specifically be used.). This digital potentiometer 42 can set 
the location of the wiper 44 of a potentiometer 43 as arbitration with the digital signal of an 
arithmetic circuit 41. That is, the electrical potential difference obtained by the wiper 44 of a 
potentiometer 43 is equivalent to the electrical potential difference in which the partial pressure 
was carried out by the resistance element 18 and resistance element 19 in drawing 2 . 
[0032] It is good to change the output signal Vd of a low-pass filter 16 into a digital signal with 
A/D converter 40, to acquire the digital signal which should control the digital potentiometer 42 



by the arithmetic circuit 41 which consists of microprocessors etc. here, and to decide the 
location of the wiper 44 of a potentiometer 43 according to ambient temperature. It is as follows 
when this point is explained a little in more detail. That is, when a resistance element 19 was 
made into the fixed resistance of 20Kohm in drawing 2 , kappal=25.333 were the optimal so 
that it might see at a ** ceremony. This shows that what is necessary is just to reduce 
25.333ohms of Rx(es) at a time whenever 1 degree C of surrounding temperature changes so 
that more clearly than ** type. If this is expressed as a division ratio of a resistance element 18 
and a resistance element 19 (cube of 20-10) / (cube +25.333andT of 20-10) - It becomes **. 
[0033] Therefore, in the circuit of drawing 7 , it is good to decide with the division ratio of a 
potentiometer 43, and the relation which in other words shows the location of the wiper 44 of a 
potentiometer 43 by ** formula. As already stated, it can ask for ambient temperature T easily 
from ** type. 

[0034] Drawing 8 shows other examples of this invention. Also in drawing 8 , the same number 
was attached to what has the same function as the component part of the circuit shown by 
drawing 2 or drawing 7 . Although the potentiometer 43 is formed between the leaders of a coil 
1 in drawing 7 , the signal of the wiper 44 of a potentiometer 43 is impressed to an adder 14 in 
drawing 8 . Moreover, the signal of a coil 1 which changes according to the variation rate of an 
outer case 10 is told to the direct high-pass filter 17, and an output signal Va is taken out. 
[0035] As change of the ambient temperatme of a coil 1 was already described, it is detected as 
an output signal Vd of a low-pass filter 16, and this output signal Vd is changed into a digital 
signal by A/D converter 40, the digital signal which should control the digital potentiometer 42 
by the arithmetic circuit 41 is acquired, and the location of the wiper 44 of a potentiometer 43 is 
decided according to ambient temperature. That is, if ambient temperature changes, the AC 
signal with which the amplitude of the AC signal of the source 13 of excitation changed 
according to it, and this amplitude changed is added to an adder 14, and, eventually, it is going 
to acquire the displacement signal Va which does not induce change of ambient temperature. 
[0036] It is as follows when this point is explained using a formula. Fluctuation part **Va by 
the ambient temperature T of the output signal Va of displacement detection equipment is 
expressed with ** type so that clearly also from the graph at the time of Rx=Oohm of drawing 4 , 
drawing 5 , and drawing 6 . 

**Va=(alphal and X+beta 1) -T — beta i of **** type is the sensitivity to the temperature T at 
the time of X= 0, and alphal and X show that this sensitivity becomes large according to the 
magnitude of X. It is the multiplier it is uniquely decided by the specification of a coil 1 that 
alphal and betal will be. 

[0037] Moreover, ambient temperature T can be detected as an output Vd of a low-pass filter 16, 
and shows the fluctuation part **Vd like (10) types so that clearly [ ** type ]. 



**Vd=alpha2andT — The output signal Vd of (10), now displacement detection equipment 
changes also with the magnitude of the AC signal added to a coil 1. Fluctuation part **Va of the 
output signal Va by this control since the circuit of drawing 8 is constituted so that the 
magnitude of the AC signal which the source 13 of excitation outputs can be controlled by Vd is 
**Va= (alphas and X+beta 3) and **Vd. - It is set to (11). (11) The formula shows that the rate 
of change of Va [ as opposed to Vd with a natural thing ] is dependent on the magnitude of X, 
i.e., the magnitude of the inductance of a coil 1. 
[0038] The following (12) types are obtained from (10) and (11) types. 
**Va=(alpha3 and X+beta 3) -alpha2andT -- (12) 

(9) If the difference of a formula and (12) types is taken (alphal and X+beta 1) -T-(alpha3 and 
X+beta 3) -alpha2 and T = [(alphal-alpha3, alpha 2) -X- (betal-beta3, alpha 2)] -T (13) 
It becomes. 

[0039] (13) It is alphal-alpha3 and alpha2=0 so that clearly from a formula. ~ (14) 
betal-beta3 and alpha2=0 - (15) 

If it ******, it will not be influenced at all by ambient temperature T, 

[0040] A concrete numeric value is applied to (14) and (15) types, it already stated — as — 
alphal and betal ~ the specification of a coil 1 — being decided — a prototype ~ a variation rate 
— detection equipment — alphal=30.26x (10 - cubes) from (2), (3), and (4) types 
betal=1.833, and alpha3 and beta3 are alpha3=5.498x (10 - cubes). 

It was beta3=0.333. Since alpha 2 can be chosen as arbitration, if it chooses out of (14) types 
with alpha2=alphal/a3=5.504, (14) types will be satisfied first. Next, it is if betal, beta3, and 
alpha2 which are the above are substituted for (15) types. betal-beta3 and 
alpha2=1.833-0.333x5.504 It is set to **0 and (15) types are also satisfied. 
[0041] In order to use the digital potentiometer 42 in order to change the amplitude of the AC 
signal of the source 13 of excitation, and to control this digital potentiometer 42 by the example 
of drawing 8 , an arithmetic circuit 41 and A/D converter 40 are needed, and circuitry becomes 
complicated a little. In view of this point, other examples are shown in the pan which 
constituted all the circuits from an analog circuit at drawing 9 . 

[0042] In drawing 9 , the mulberry DORACHUA (Quadrature) oscillator circuit 45 was used as 
a thing equivalent to the source 13 of excitation of drawing 8 . The sine wave which vibrates 
another integrating circuit which consists of the integrating circuit which consists of an 
operational amplifier 50, a capacitor 52, and resistance 55, an operational amplifier 51, a 
capacitor 53, and resistance 56 focusing on OV by nothing and self -excited vibration to a closed 
circuit by resistance 57 and the capacitor 53 at the output of an operational amplifier 50 is 
acquired. 

[0043] The oscillation stabilized when setting capacitors 52, 53, and 54 to C equally, setting 




resistance 55 and 56 to R equally and making resistance 57 slightly larger than R with extent 
10% or less is obtained, and the oscillation frequency f serves as f=l/2piRC. 
[0044] The amplitude of the sine wave on a leader 49 is proportional to the electrical potential 
difference Ve which is restricted by resistance 58, 59, 60, and 61 and diodes 62 and 63, and is 
supplied from the outside through resistance 58 and 61, and -Ve. 

[0045] Now, a sign 46 is a ftiU wave rectifier etc., it outputs direct current signals, such as actual 
value of a sine wave, or magnitude of the amplitude, and negative feedback is carried out to an 
adder subtracter 47. Adder subtracters 47 are an operational amplifier 64 and phase inversion 
amplifier which consists of resistance 65, 66, 67, and 68. Now, it is assumed that the output 
voltage Vd.of the low-pass filter 16 proportional to the ambient temperature of a coil 1 is Ov. 
Fixed electrical potential difference which will be impressed from the outside through resistance 
68 if the value of resistance 65 is enlarged in comparison rather than resistance 66 and 68 - An 
electrical potential difference Ve is controlled so that the output of a full wave rectifier 46 is in 
agreement with the absolute value of Vc. A sign 48 consists of resistance 70 and 71 which is 
typical inverters and has an operational amplifier 69 and the same resistance. - Ve is outputted 
and the mulberry DORACHUA oscillator circuit 45 is supplied through resistance 61. Namely, 
fixed electrical potential difference impressed from the outside according to the example shown 
by drawing 9 - It becomes possible to acquire the sine wave which sways focusing on Ov which 
has the amplitude proportional to the absolute value of Vc to a leader 49. 

[0046] Now, the case where the ambient temperature of a coil 1 next changes is considered. As 
already stated, this ambient temperature is detectable due to (1) type as output voltage Vd of a 
low-pass filter 16. Since Vd is impressed to this adder subtracter through the resistance 67 of the 
adder subtracter 47 in drawing 9 , the amplitude of the sine wave acquired by the leader 49 will 
change according to fluctuation of the ambient temperature of a coil 1. If the resistance of 
resistance 67 is suitably chosen to the resistance of resistance 66 and 67, (14) and (15) types 
which were already described can be satisfied. 

[0047] In addition, the output signal Va proportional to the relative displacement over the coil 1 
of an outer case 10 is good also considering the rectified direct current voltage which is good 
also as an output and can acquire the actual value easily with the conventional technique as an 
output signal. Or when Va is a sine wave, what held the peak value and was changed into direct 
current voltage may be used. Anyway, the electrical signal which suited the object proportional 
to the variation rate of an outer case 10 can be acquired easily. Moreover, you may make it not 
only a voltage signal but a current signal. 
[0048] 

[Example(s) of Application] Drawing 10 shows the example which detects the variation rate of 
the rod of a nest cylinder for the displacement detection equipment by this invention in an oil 



pneumatics cylinder. The displacement detection equipment 72 of a configuration of that 
drawing 1 showed is thrust into the side pars basilaris ossis occipitalis of an oil hydraulic 
cylinder 73, and a seal is carried out with O ring 50. That is, drawing 10 shows the example 
which may be built in the cylinder to which an application-of-pressiu-e fluid is added. 
[0049] The outer case 10 of displacement detection equipment is inserted in the hole 78 
established in the core of a rod 74, and the flange 75 which fixed at the edge of this outer case 
10 is attached by the piston section 79 of a cylinder with the bolt 76. The fluid pressurized 
through the port 80 of a cylinder 73 or 81 by this structure is supplied to the interior of a 
cylinder 73, a rod 74 expands and contracts, and the displacement detection equipment 72 by 
this invention detects the variation rate of this telescopic motion. Thus, since it is the structure 
which can contain a coil 1 in the firm container sealed with the metallic pipe 5 in drawing 1 , the 
head plug 6, and the head plug 7, it becomes possible to use for an application like drawing 9 . 
[0050] Although it is natural, it cannot be overemphasized that an application is not restricted to 
drawing 10 , but an outer case 10 is attached at least in the moving part of a conunon industrial 
machine, and a variation rate can be detected. 
[0051] 

[Effect of the Invention] Since the coil for detecting a variation rate was made into one piece 
according to the configuration of claim 1, this miniaturized kind of displacement detection 
equipment can be obtained. And with claim 2 thru/or the configuration of 6, the displacement 
detection equipment which was excellent in the temperature-compensation property can be 
obtained. 

[Brief Description of the Drawings] 

[Drawing 1] The axial sectional view of the example of the displacement detection equipment of 
this invention. 

[Drawing 2] Drawing having shown the example of the outline and actuation circuit of the 
displacement detection equipment of drawing 1 , and a signal detector. 

[Drawing 3] The AC signal output to which left-hand side sways focusing on Ov of the source 
of excitation, and right-hand side show the wave of the AC signal output of the adder with 
which only Vb was deflected from Ov, respectively. 

[Drawing 4] It is the graph showing the experimental result which showed how output voltage 
would be influenced with ambient temperature, and is the case where a variation rate is zero. 
[Drawing 5] It is the graph showing the experimental result which showed how output voltage 
would be influenced with ambient temperature, and is the case where a variation rate is medium. 
[Drawing 6] It is the graph showing the experimental result which showed how output voltage 
would be influenced with ambient temperature, and is the case where a variation rate is max. 
[Drawing 7] Drawing having shown another example of the outline and actuation circuit of the 



displacement detection equipment of drawing 1 , and a signal detector. 

[Drawing 8] Drawing having shown still more nearly another example of the outline and 
actuation circuit of the displacement detection equipment of drawing 1 , and a signal detector. 
[Drawing 9] Drawing having shown still more nearly another example of the outline and 
actuation circuit of the displacement detection equipment of drawing 1 , and a signal detector. 
[Drawing 101 The axial sectional view in the case of being included in an oil pneumatics 
cylinder and detecting the variation rate of the rod of a cylinder by the application of this 
invention. 

[Description of Notations] 
1 Coil 

10 Outer Case 

13 Source of Excitation 

14 Adder 

15 Voltage-current Converter 

16 Low-pass Filter 

17 High-pass Filter 

18 19 Resistance circuit 
42 Digital Potentiometer 

45 Mulberry DORACHUA Oscillator 
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